The temperature dependence of the inositol monophosphatase Km correlates with accumulation of di-myo-inositol 1,1'-phosphate in Archaeoglobus fulgidus.
Di-myo-inositol 1,1'-phosphate (DIP) accumulates as a compatible solute in many hyperthermophilic archaea (e.g., Archaeoglobus fulgidus) when the cells are grown above 80 degrees C. Recent microarray analysis of A. fulgidus transcripts [Rohlin, L., et al. (2005) J. Bacteriol. 187, 6046] indicates that neither the myo-inositol-1-phosphate synthase, the first step in inositol biosynthesis, nor the inositol monophosphatase (IMPase), which generates myo-inositol, are significantly upregulated upon thermal stress. Although other factors could contribute to regulation of DIP synthesis in cells, there is an 8-10-fold decrease in the K(m) of the IMPase for inositol phosphates between 75 and 85 degrees C (for l-I-1-P, the K(m) decreased from 13.2 to 1.67 mM) that correlates with the observed accumulation of DIP in cells. Between 55 and 75 degrees C, K(m) values decreased 2.3-fold at most. The enzyme also exhibits fructose bisphosphatase activity. However, the K(m) for fructose 1,6-bisphosphate was low and the same (0.15 +/- 0.01 mM) at 55 and 70 degrees C. This indicates that the unusual temperature dependence of K(m) is specific for I-1-P substrates. (31)P NMR studies confirmed that the affinity of inositol 1-phosphate for the enzyme was indeed weak (K(D) >or= 5 mM) below but increased significantly at 80 degrees C. In contrast, the IMPase from Methanococcus jannaschii, an organism in which DIP does not accumulate, had a low K(m) for I-1-P over the entire temperature range. A structural comparison of the two archaeal IMPases identified a hydrogen bonding network present in the active site of the A. fulgidus enzyme and not in the M. jannaschii IMPase, the disruption (e.g., A. fulgidus IMPase S171A or T174L) of which prevented the drop in K(m) at high temperatures. We suggest that the temperature-dependent synthesis and accumulation of DIP in A. fulgidus are regulated in part by the temperature dependence of the K(m) of the IMPase activity in the cells.